with disease in adult life (1) have led to the concept of developmental programming, which entails that differences in the environment during the plastic period of development can permanently alter physiology (2, 3). Over the years, evidence has accumulated that perinatal events can permanently alter energy balance both in humans and in animal models. For example, human fetal growth restriction is associated with a more central distribution of fat and a lower lean body mass in later life (4). In rat models of perinatal malnutrition, changes in food intake and body composition have been reported, but the direction of these changes appears to be highly dependent on the exact nature and timing of the malnutrition (5). These changes in energy balance suggest that the regulation of energy balance may be programmed.
PIDEMIOLOGICAL STUDIES linking low birth weight
with disease in adult life (1) have led to the concept of developmental programming, which entails that differences in the environment during the plastic period of development can permanently alter physiology (2, 3) . Over the years, evidence has accumulated that perinatal events can permanently alter energy balance both in humans and in animal models. For example, human fetal growth restriction is associated with a more central distribution of fat and a lower lean body mass in later life (4) . In rat models of perinatal malnutrition, changes in food intake and body composition have been reported, but the direction of these changes appears to be highly dependent on the exact nature and timing of the malnutrition (5) . These changes in energy balance suggest that the regulation of energy balance may be programmed.
The peripheral hormone leptin and several nuclei of the hypothalamus play an important role in this regulation of energy balance. Leptin is secreted by adipocytes in proportion to their fat content and thereby indicates the body's energy reserves (6, 7) . In the hypothalamic arcuate nucleus (ARC), the expression and release of the orexigenic neuropeptide Y (NPY) and agouti-related protein (AgRP) are inhibited by leptin, whereas those of the anorexigenic proopiomelanocortin (POMC, the precursor for ␣-MSH) and cocaine-and amphetamine-regulated transcript (CART) are stimulated (7, 8) . NPY/AgRP and POMC/CART neurons in the ARC project to the paraventricular nucleus (PVN) and lateral hypothalamic area (LHA) among others, where levels of the anorexigenic peptides CRH and TRH and the orexigenic peptides melanin-concentrating hormone (MCH) and orexin (ORX), respectively, are modified (8) .
In rats, the connections from the ARC to the PVN and LHA develop mostly in the early postnatal period (9, 10) , and therefore, rats raised in large litters can be used to study developmental programming of energy balance. These rats were previously shown to have reduced growth during lactation, followed by incomplete catch-up growth after weaning (11, 12) . Young rats showed reduced leptin levels and fat percentages (13) , and in adult males, the fat percentage was still reduced (11) . In the present set of animals, we have reported lower body weight, body length, body mass index (BMI), energy intake, and serum leptin levels until the age of 1 yr (14, 15) . In addition, a subset of adult males in this group was shown to have a resting energy expenditure that was reduced but seemed appropriate for their smaller body dimensions (15) .
The alterations in energy balance found in these large-litter rats suggest that early undernutrition induced permanent changes in the regulation of energy balance. Moreover, these animals showed disruptions in several other processes that are regulated by the hypothalamus: a delayed onset of puberty (16) , impaired testicular function (17) , and changes in the GH axis (18) . Therefore, the hypothalamus seems a likely candidate for programming. In this study, we investigated acute and long-term programming effects of early postnatal food restriction (FR) (in juvenile and middle-aged rats, respectively) on the mRNA expression levels of neuropeptides in the ARC, PVN, and LHA, using quantitative real-time PCR. In addition, the relationships between hypothalamic neuropeptide expression levels and the parameters that were reported previously (14, 15) were assessed.
Materials and Methods

Experimental animals
Primiparous timed-pregnant Wistar rats (Harlan, Horst, The Netherlands) arrived on d 14 or 15 of gestation and were housed individually under controlled lighting (12 h light, 12 h dark) and temperature (21.5 Ϯ 0.5 C). Animals had unlimited access to standard rat chow (Ssniff R/M-H; Bio Services, Uden, The Netherlands) and tap water at all times. All procedures were approved by the Animal Experimentation Ethics Committee of the Vrije Universiteit and the VU University Medical Center in Amsterdam, The Netherlands.
Pups were born spontaneously on d 22 or 23 of gestation. The first morning after birth was designated as postnatal d 1. On d 2, pups were allocated to either a control litter of 10 pups or a FR litter of 20 pups using computer-generated random numbers. In the large FR litters, less milk is available per pup than in control litters, resulting in undernutrition (19) and growth restriction (12) . Male-to-female ratio was 1:1 in all litters. On d 25, the pups were weaned and socially housed with two (males) or four (females) animals of the same experimental group per cage. A subset of 94 animals was used for this study.
Body dimensions and tissue collection
Body weight was measured regularly throughout life. Body length of manually restrained animals from the tip of the nose to the anus was measured on d 2 and on the day of killing. BMI was calculated as the ratio of body weight (grams) to body length (centimeters) squared.
During the experiment, subsets of animals were killed at different ages. Suckling pups (males and females) were killed on d 10 of life and middle-aged males and females around d 380 of life. In addition, weanling males were killed on d 25. In females, the expression levels of the neuropeptides in the ARC (20, 21) , PVN (22, 23) , and LHA (24, 25) are known to vary with the stage of the estrous cycle. Therefore, adult females were killed on the day of proestrus. To that end, their cycle was monitored in the last 2 wk before they were killed by daily vaginal smears that were stained with Giemsa stain. In addition, because neuropeptide expression is also known to have a circadian rhythm in the ARC (26, 27) , PVN (28, 29) , and LHA (30, 31) , all animals were killed during the first half of the light phase (between 1.5 and 5.5 h after lights on).
Rats were euthanized by CO 2 inhalation, followed by decapitation. Because CO 2 inhalation is not indicated until after d 10 (32), at this age, animals were decapitated without previous CO 2 inhalation. After decapitation, brains were rapidly dissected, snap-frozen in dry ice-chilled 2-methylbutane, and stored at Ϫ80 C. Trunk blood was collected, stored at 4 C for a maximum of 4 h, and then centrifuged at 3000 rpm for 15 min. Serum was stored at Ϫ80 C until assayed. Serum leptin levels were determined previously using a commercial RIA kit (14) .
Microdissection
Brain punches containing the ARC, PVN, or LHA were dissected as reported previously (33) . One day before dissection, brains were transferred from Ϫ80 C to Ϫ20 C. On the day of dissection, the brains were temperature adapted in a Ϫ8 C cryostat and mounted with TissueTek OCT (Sakura Finetek, Zoeterwoude, The Netherlands). Using a rat brain atlas (34) , coronal 300-m sections were cut, transferred to a flexible black rubber strip, and immediately covered with RNAlater reagent (Sigma-Aldrich, St. Louis, MO). Neonatal rat brains have a higher water content (35) , and therefore on d 10, the brains were mounted using Shandon M-1 embedding matrix (Thermo) and cut at 150 m instead of 300 m. Punches were taken using a 2-mm-diameter stainless steel punch needle (Zivic Laboratories, Pittsburgh, PA), and the punches from each individual nucleus were placed into a 1.5-ml centrifuge tube containing RNAlater and stored at Ϫ20 C until further processing. For the ARC, one punch was taken from three successive sections starting at bregma Ϫ2.6 mm. For the PVN and LHA, two punches were taken from two successive sections starting at bregma Ϫ1.6 mm and bregma Ϫ2.8 mm, respectively. Using this technique, it is possible to excise tissue of distinct hypothalamic nuclei, with only a slight chance that small parts of adjacent nuclei are included.
RNA isolation and cDNA synthesis
RNA was extracted using TRIzol reagent (Invitrogen, Carlsbad, CA) according to the manufacturer's instructions. For each sample, 300 l TRIzol was used and the other volumes were adjusted accordingly. The RNA pellet was dissolved in 20 l ribonuclease-free water. RNA was stored at Ϫ80 C, but 8 l was immediately treated with 0.75 l ribonuclease-free deoxyribonclease I (Roche, Mannheim, Germany) for 30 min at 37 C. The deoxyribonuclease I was then inactivated by 5 min at 75 C. Immediately, cDNA was synthesized using 1 l SuperScript II reverse transcriptase (Invitrogen), 1 l oligo(deoxythymidine) [12] [13] [14] [15] [16] [17] [18] primers (Invitrogen), and 1 l 10 mm dNTPs (Roche). The reaction was incubated for 60 min at 42 C and then terminated by 10 min at 75 C. cDNA was stored at Ϫ20 C until further use. For each nucleus, all control and FR samples for one age and sex were processed at the same time.
Quantitative real-time PCR
Specific primers for NPY, AgRP, POMC (the ␣-MSH precursor), CART, CRH, TRH, MCH, ORX, cyclophilin, and ␤-actin were designed using Primer Express Software (Applied Biosystems, Foster City, CA) and produced by Isogen Life Science (Maarssen, The Netherlands). PCR efficiencies were obtained from standard curves of serial dilutions of whole hypothalamus cDNA. Characteristics of the primers are listed in Table 1 . For each gene, all samples were tested in a single PCR.
The real-time PCR approach used the SYBR green method in a 96-well plate format using a 7900HT Fast Real-Time PCR System (Applied Biosystems). Reactions were performed in a total volume of 25 l, containing 1 l cDNA, 0.32 m of each primer, and 12.5 l SYBR Green PCR Master Mix (Applied Biosystems). The thermal profile used for amplification was 2 min at 50 C, 10 min at 95 C, and 40 cycles of 15 sec at 95 C and 60 sec at 60 C. At the end of the amplification phase, a melting-curve analysis was carried out to confirm the formation of a single PCR product and hence the absence of primer-dimers. Threshold cycle (Ct) values were determined automatically by the Applied Biosystems software. Samples were excluded 1) if more than one PCR product was formed, 2) if there was no amplification (as indicated by the software and recognized in the amplification plot), or if the resulting data point was an extreme outlier (more than three times the interquartile range) 3) for the ratio of the reference genes or 4) for the expression level of one of the genes of interest in the nucleus. If a sample failed to reach these criteria, it was excluded from the analysis for all peptides in the nucleus.
Expression levels of hypothalamic neuropeptides were first normalized to that of the reference genes cyclophilin and ␤-actin (36) and then either to that of control males of the same age or to that of animals of 380 d of the same group and sex.
Data analysis
The results were analyzed using SPSS for Windows, version 12. All data were checked for a normal distribution and subjected to logarithmic transformation if necessary for analysis in ANOVA. The data are expressed as mean Ϯ sem. Effects of group and sex were analyzed using univariate ANOVA, and the effect of age was tested by Bonferroni post hoc tests. Pearson's bivariate correlation analysis was used to analyze correlations. P values Ͻ 0.05 were considered to be statistically significant.
Because of the small number of pups for each biological and foster dam, it was not feasible to test for possible interference of effects of the dams with group effects on the body dimensions and gene expression levels of the pups. However, in a larger study (14) , the effects of the biological and foster dams on growth of control and FR rats were found to be negligible.
Results
Characteristics of the animals
The 94 animals used in this study were born from 28 of the 33 dams in the complete experiment and fostered to 13 control and eight FR dams on d 2. The original litter size of the FR foster dams (12.3 pups Ϯ 0.7) was not different from that of the control foster dams (11.9 pups Ϯ 0.4, P Ͼ 0.650). Nor did the original litter size of FR pups (11.7 pups Ϯ 0.3) differ from that of control pups (12.1 pups Ϯ 0.3, P Ͼ 0.450). Of the 94 pups in this study, 83% were cross-fostered, whereas 17% (eight control and eight FR animals) remained with the same dam after the random redistribution on d 2. Other characteristics of the animals are shown in Table 2 . In previous studies, we have shown that FR rats have persistently reduced body weight, BMI, fat mass, and food intake, whereas adult resting energy expenditure was normal for the reduced body size (11, (13) (14) (15) .
Body dimensions were analyzed for all animals at the same age together using ANOVA with group and sex as independent variables. Provided that there is no significant interaction between group and sex, this analysis allows for the effect of group to be investigated independently of sex differences, and vice versa. On d 2 (before the random redistribution into control and FR litters), body weight, body length, and BMI were similar between the future FR and control animals ( Table 2 ). In FR animals, body weight was significantly reduced from d 4 until the end of the experiment on d 380 (P Ͻ 0.001) (Fig. 1) . At the time of killing, body weight, body length, BMI, and serum leptin levels were reduced in FR animals at all three ages (Table 2) . Body weight and BMI correlated positively with leptin at all ages (P Ͻ 0.001-0.054, data not shown). On d 10, females were smaller than males but had a similar BMI and serum leptin levels. In adulthood, all body dimensions were significantly larger in males.
After application of the PCR criteria (see Materials and Methods), 75 ARC samples were analyzed for neuropeptide expression, whereas the analyses for the PVN and LHA were performed on 71 and 81 samples, respectively.
ARC neuropeptide expression: effects of FR
The levels of mRNA expression for the four ARC neuropeptides normalized to those of cyclophilin and ␤-actin are shown relative to those of control males in Fig. 2 , A-C. Again, the absence of any significant interactions between group and sex allowed the simultaneous analysis of males and females.
On d 10, 25, and 380, the expression levels for NPY and AgRP mRNA did not differ significantly between control and FR rats. POMC mRNA expression was similar between the groups at the ages of 10 and 25 d, whereas its expression was significantly reduced in FR rats on d 380. CART mRNA expression levels were significantly reduced at all three ages tested. In addition, significant sex differences were found in expression levels on d 10 (NPY, AgRP, and POMC) and on d 380 (POMC and CART).
Although most of the ARC neuropeptides showed no significant changes in their expression level, in the young animals, there was a tendency in the FR group for increased expression of the orexigenic peptides (NPY and AgRP) and for decreased expression of the anorexigenic peptides (POMC and CART). Because the isolated ARC region of each animal contained both the NPY/AgRP neurons and the POMC/CART neurons, the ratio of orexigenic to anorexigenic expression (orex/anorex) in each animal was computed as the mean relative expression of NPY plus AgRP divided by the mean relative expression of POMC plus CART. This ratio was shifted significantly toward orexigenic expression in FR animals on d 10 and 25 (Fig. 3) . On d 380, there was no significant difference between the groups, but the orex/anorex ratio was significantly elevated in middleaged females relative to males.
PVN neuropeptide expression: effects of FR
On d 10, 25, and 380, the mRNA levels of both CRH and TRH did not differ significantly between control and FR rats (Fig. 2, D-F) . No significant sex differences were found in the expression of these neuropeptides.
LHA neuropeptide expression: effects of FR
On d 10, MCH mRNA levels were significantly increased in FR rats (Fig. 2D) . This difference was not present on d 25 and 380 (Fig. 2, E and F) . Expression levels of ORX were comparable between control and FR rats at all three ages tested (Fig. 2, D-F) . No significant sex differences were found in the expression of these neuropeptides.
Neuropeptide expression: ontogeny
To investigate developmental changes, neuropeptide mRNA expression was computed relative to that of middleaged animals, instead of control males at each age. This analysis was performed on males, because for males, an extra group was included on d 25. Because no significant interactions were found between age and group (P ϭ 0.205-0.956), control and FR males were analyzed together. The absence of these interactions means that although there were group differences in expression levels, the developmental pattern was not different between the groups.
The overall effect for group (i.e. independent of age) just reached significance for CART (P ϭ 0.043) but not for any of the other genes (P ϭ 0.265-0.841). There was a significant effect of age for all peptides except AgRP (Fig. 4) . Post hoc tests revealed significant differences between the ages. NPY mRNA levels decreased significantly between d 10 and 380. AgRP expression showed a similar pattern, but no significant differences were found. The expression levels of the anorexigenic ARC peptides POMC and CART increased significantly between d 10 and 25 and again between d 25 and 380. Expression levels for CRH and TRH in the PVN and ORX in the LHA rose significantly from d 10 to d 25 and 380, with no further increase between weaning and middle-age. MCH in the LHA, like POMC and CART, increased between d 10 and 25 and between d 25 and 380.
Overall, the developmental patterns in females resembled those in males, with the exception that females had similar levels of NPY and AgRP mRNA at both ages (data not shown).
Neuropeptide expression: correlations with other parameters
The expression levels of the orexigenic peptides and those of the anorexigenic peptides in each nucleus showed a strong positive correlation in all animals (Table 3) . Such correlations were not found for the expression levels with body weight, BMI, food intake, and leptin (except for group or sex differences). On d 10, a decrease in BMI sd score (SDS, distance from the control mean in sd) between d 2 and 10 was associated with a lower orex/anorex ratio in FR animals (r ϭ 0.643; P ϭ 0.018) but not in controls (r ϭ 0.001; P ϭ 0.997) (Fig. 5A) . On d 25, there was a continuous relationship between the change in body weight SDS between d 2 and 21 and the orex/anorex ratio (r ϭ Ϫ0.875; P Ͻ 0.001) (Fig. 5B) .
Discussion
In this study, raising rats in large litters transiently affected the ratio between expression of orexigenic and anorexigenic neuropeptides in the hypothalamus. In both male and female juvenile rats that were subjected to early postnatal FR, NPY and AgRP mRNA expression levels in the ARC had increased relative to those of POMC and CART. In addition, MCH mRNA expression in the LHA was elevated in suckling food-restricted animals. In adulthood, despite still reduced body dimensions and lower POMC and CART expression, the ARC orex/anorex ratio had normalized.
Acute effects of early postnatal FR
During the lactation period, the hypothalamic circuitry that regulates energy balance in the adult rodent is not fully functional yet (9) . For example, neonatal rats do not reduce their food intake in response to leptin administration (37, 38) like adult rats do, and it is uncertain whether it alters ARC neuropeptide expression (39, 40) like in adults (7, 8) . Here we show that undernutrition does elicit an orexigenic response from the ARC already at a young age, because both the suckling and weanling FR animals reacted appropriately to the FR by increasing the ratio between ARC orexigenic and anorexigenic expression.
In contrast to the adult situation, where food deprivation decreases CRH and TRH expression in the PVN (41) and increases that of MCH and ORX in the LHA (42) (43) (44) , early postnatal FR elicited little change in PVN and LHA expression. Because in rodents the projections of the ARC to the PVN and LHA are not present at birth, but rather develop during the first 3 wk of postnatal life (9, 10) , it is plausible that the orexigenic signal derived from the ARC of the juvenile FR rats did not reach these regions.
Long-term programming effects of early postnatal FR
Despite some catch-up in all body dimensions, early postnatal FR resulted in middle-aged animals that were persistently lighter (body weight), shorter (body length), and thinner (BMI) than control animals. Although the expression of POMC and CART was significantly reduced in FR animals at this age, the ARC orex/anorex ratio had normalized. This may suggest that the body dimensions were no longer perceived as small by the regulating system. In other words, the FR rats may have a lowered body weight set-point.
Body weight of FR rats at this age was about 10% below that of control animals. After more acute food deprivation, similar reductions in body weight have been reported to induce significant changes in hypothalamic orexigenic (43) (44) (45) and anorexigenic (41, 45) expression levels. Reductions in POMC and CART expression were similar between the present study and after acute food deprivation (45) . NPY and AgRP expression, however, instead of being elevated, rather tended to be lower in FR rats. Because this resulted in an unchanged ratio between the ARC orexigenic and anorexigenic peptides, it is not surprising that the expression levels in the PVN and LHA were unchanged in the FR animals. Thus, in FR rats, POMC and CART expression appear to be normally adapted to body weight. NPY and AgRP expression, however, was lower than expected based upon body weight. If permanent changes in body weight set-point involve ARC neurons, then NPY/AgRP neurons more likely than POMC/CART neurons play a role in programming.
Possible mechanisms of body weight regulation and its programming
At all three ages tested, FR and control rats showed strong positive correlations between the expression levels of the orexigenic and anorexigenic peptides that are coexpressed within a nucleus (NPY with AgRP, POMC with CART, CRH with TRH, and MCH with ORX). This suggests that the expression of these peptides is coregulated.
On d 10, FR animals with a higher ARC orex/anorex ratio had lost fewer BMI SDS points between d 2 and 10 (and hence probably less body fat). This association was absent in control animals. Note, however, that at this age, the hypothalamic circuitry emanating from the ARC is still developing (9, 10), the orexigenic signal from the ARC did not seem to reach the PVN and LHA (present data), and FR pups have little opportunity to increase food intake during the lactation period. Therefore, this association is unlikely to be caused by increased food intake, and it must arise from another mechanism.
On d 25, and hence at the end of the FR period, all weanling males showed a negative correlation between the change in body weight SDS and the ARC orex/anorex ratio. A relative loss of body weight in the preceding weeks coincided with higher orexigenic expression. This may represent an attempt to increase energy reserves to permit catch-up growth at this time when food was already becoming available [because pups of different litter sizes have all been shown to start eating chow from d 16 (46) ].
Our findings are largely in agreement with those of studies using other models that manipulate perinatal nutrition: a transient increase in orexigenic relative to anorexigenic hypothalamic expression in juveniles (47) (48) (49) (50) (51) (52) , with normalized expression levels in older animals (53) (54) (55) . The fact that different manipulations of perinatal nutrition produce such similar results indicates that this is an essential regulatory phenomenon. Furthermore, it is vital to recognize that this outcome still leaves the possibility of more permanent changes in other areas involved in the regulation of energy balance, such as the brainstem or higher brain areas.
Additional findings: sex differences and ontogeny
Besides the effects of early postnatal FR, we also found differences in hypothalamic gene expression between the sexes and between different ages. These results generally confirmed and elaborated on previous findings. Our male and female suckling pups showed a similar ARC orex/anorex ratio and similar expression levels of PVN and LHA peptides. This is in agreement with previous reports that found no sex differences in expression in juvenile rats for NPY, AgRP, and CRH (56 -58) . In adulthood, we showed differential expression for POMC and CART, with lower levels in females, and a trend for lower levels of CRH. These data are in agreement with a previous study that showed similar NPY expression in both sexes (59) but in conflict with another study that did find a sex difference in ORX expression (60) . For CRH, conflicting data exist with either lower or higher expression in females (58, (61) (62) (63) (64) , perhaps related to variation during the estrous cycle. Most hypothalamic gene expression studies, including the present one, seem to suggest a higher orexigenic drive in adult females.
In agreement with our present data, previous authors have also reported stable or decreasing expression of NPY and AgRP over time (65) (66) (67) and mostly increasing expression of POMC and CART (67) (68) (69) . This suggests that juveniles have a stronger orexigenic drive in the ARC than adult rats. This may serve to maximize milk intake, and therefore growth, in the neonatal period (9) . Our data on increasing expression levels of PVN and LHA peptides are consistent with previous reports of rising CRH, TRH, and ORX expression during the lactation period (28, 70 -72) . Conversely, unchanging levels of CRH, TRH, and MCH were also reported at this age (73) (74) (75) (76) . The overall increase in PVN and LHA expression levels with age that we found may be indicative of a tighter regulation of energy balance in the adult rat.
Summarizing, the reliability of our measurements is verified by the fact that we found comparable sex differences and ontogeny to those reported previously.
Implications and conclusions
In the present study, most of the individual neuropeptides were not found to be differentially expressed in large-litter pups, although the ARC orex/anorex ratio was significantly altered. It may be that FR rats use individual strategies to promote survival and catch-up growth, resulting in either the up-regulation of one or more orexigenic peptides or the down-regulation of one or more anorexigenic peptides. At any rate, the differences found in the ARC orex/anorex ratio were not solely due to the significant differences in CART mRNA expression, because omitting CART from the equation produced similar results (data not shown).
Now that the effects of early postnatal FR on gene expression have been described, a next step may be to investigate possible programming effects on neuropeptide protein levels and functionality. The results of a previous study which reported increased levels of NPY peptide in juvenile large-litter animals (77) suggests that protein levels may be similarly affected as gene expression. Programming of the projections between the ARC and other hypothalamic nuclei may be particularly interesting to examine. Because neonatal leptin is known to be essential for the formation of these projections (9) and leptin levels were extremely low in the suckling FR rats, the ARC projections might be expected to be permanently altered in adult FR rats due to underdevelopment in early life. In addition, studies by Davidowa and colleagues in small-litter rats suggest that hypothalamic functionality may be programmed (reviewed in Refs. 78 and 79) .
It has been suggested that in the case of a serious mismatch between the early and late environments, for example an abundance of highly palatable and energy-dense food in later life after a low-energy intake in early life, populations may be at increased risk for obesity and other diseases (1-4) . Programming of the hypothalamic regulation of energy balance may be partly responsible for these detrimental effects. In this regard, it may also be interesting to investigate the effects of highly palatable diets in adult FR rats. Early postnatal FR induces persistent reductions in body size. In this study, we demonstrated that this is accompanied by a transient increase in the ratio of orexigenic to anorexigenic expression in the hypothalamic ARC. This orexigenic signal hardly affected gene expression in the PVN and LHA, which is consistent with the immature connections that were previously reported at this age. Despite still reduced body dimensions, middle-aged FR rats showed normalized levels of hypothalamic neuropeptide expression. This may indicate programming of the hypothalamic regulation of energy balance. When these results are combined with the ones that were previously obtained, a phenotype arises of juvenile rats that grow very little as a result of undernutrition, that are very thin with a low fat mass, and that increase hypothalamic orexigenic expression, perhaps in an attempt to increase energy availability for growth (13, 14) (present data). In adulthood, these animals remain thin (low BMI) and lean (low fat percentage) despite considerable catch-up growth, with a low energy intake but rather normal energy expenditure (11, 14, 15) . In contrast to what might be expected in such a situation, hypothalamic orexigenic expression is normal at this age (present data). In summary, the present study demonstrates that in rats, early postnatal FR can alter the programming of the hypothalamic regulation of energy balance. If energy balance regulation is similarly affected in perinatally malnourished humans, temporarily increased orexigenic expression may offer a partial explanation for their increased risk to develop obesity.
